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Epithelial cells form epithelial tissue structures by joining together via intercellular adhesion structures 
composed of intercellular adhesion factors such as zona occludins-1 (ZO-1). Epithelial cells are polarized at 
the apical and basal regions, and are bordered by intercellular adhesion structures called tight junctions; the 
organelles within epithelial cells are distributed asymmetrically. Maintenance of this asymmetry in normal 
epithelial cells is essential for normal cytoskeletal remodeling, movement, and cell division. The key factor 
regulating cell polarity is called partitioning-defective protein 3 (Par3). Abnormalities in cell polarity and 
intercellular adhesion are common features of many cancer tissues. Mutation and loss of cell polarity regula-
tors contributes to the immortalization of normal cells and to the malignant transformation of cancer cells. 
In this study, we investigated the relationship between the subcellular localization of Par3 and ZO-1 and 
clinicopathological features of lung squamous cell carcinoma (lung SqCC). Both molecules were localized to 
the cell membrane in normal lung tissue, but the levels were lower at this location in pulmonary tumor tissue 
compared with normal lung tissue. Both Par3 and ZO-1 accumulated in clusters on the cell membrane (here-
inafter, “foci”). Tumor size, recurrence rate, and mortality rate were significantly higher in patients with 
Par3 foci compared to those without Par3 foci. Rates of lymph node metastasis, recurrence, and mortality 
were significantly higher in patients with ZO-1 foci than in those without ZO-1 foci. The expression of Par3 
and ZO-1 mRNA was not significantly different in samples from patients with foci versus those without. 
These results strongly suggest that the presence of Par3 and ZO-1 foci on the membrane may be a useful 
prognostic marker for lung SqCC.
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INTRODUCTION

Based on its histological characteristics, lung cancer 
is divided into small cell lung cancer (SCLC) and non-
small cell lung cancer (NSCLC). The latter is further 
divided into adenocarcinoma (AC), squamous cell 
carcinoma (SqCC), and large cell carcinoma (LCC) 
subtypes. NSCLC is usually associated with a poor 
prognosis, and even in an early stage of the disease, 
many patients with NSCLC experience a recurrence 
despite surgical resection and radiation therapy [1]. 
The 5-year survival rate for lung cancer is only 60-
70%, and there is an urgent need for more effective 
prophylactic measures, diagnostic procedures, and 
therapeutic approaches in order to treat this disease 
[2]. Chemotherapy for unresectable or recurrent lung 
cancer is more commonly used in AC than in SqCC [3]. 
In particular, the recent development of molecular-tar-
geted therapies such as bevacizumab, erlotinib, and 
gefitinib have improved the outcome of AC treatment. 
In contrast, there is a lack of effective chemotherapies 
and molecular-targeted therapies for SqCC patients 

with disease recurrence and in those whose disease out-
come has a poor prognosis. In order to develop prog-
nostic markers and therapeutic agents that contribute 
to improved treatment of SqCC, it is critical that we 
understand the underlying pathogenesis and associated 
biological features of the disease [4-6].

The cells that comprise multicellular organisms 
can be divided into epithelial and mesenchymal cells. 
Each epithelial cell adheres to neighboring cells via an 
adhesion complex that is supported by the cytoskeleton 
(i.e., actin and tubulin). There are different types of 
adhesion complexes, including tight junctions, adher-
ens junctions, and desmosomes [7]. Being permanently 
bordered by tight junctions (TJ), epithelial cells are 
polarized by the presence of two regions with different 
functions, namely the apical and basolateral regions; 
this orientation helps to maintain tissue structure and 
function [8]. Defects in cell polarity are closely related 
to tumorigenesis [9]. Cell polarity-related molecules 
such as partitioning-defective proteins (Par), lethal 
giant larvae (Lgl, or Hugl in humans), and atypical 
protein kinase C (aPKC) are involved in maintaining 
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the polarity of normal cells, and loss of function or ab-
normal expression of these molecules compromises cell 
polarity [10]. We previously reported that abnormalities 
in cell polarity-related molecules had an impact on 
survival and prognosis in patients with lung cancer. 
High levels of aPKC expression in lung AC were asso-
ciated with significantly higher mortality, and apical 
membrane localization correlated with invasiveness 
and metastasis [11]. In patients with lung SqCC, low 
Hugl1 expression was a prognostic factor for a high 
recurrence rate [12].

The Par genes were identified in a study analyzing 
asymmetric division mutants in fertilized eggs of 
Caenorhabditis elegans; six members, Par1 to Par6, have 
been reported so far. Par3 has three PDZ domains at 
the N-terminus that bind to various molecules, includ-
ing activated Rac1 and Cdc42, which are small G pro-
teins involved with the assembly of the actin cytoskel-
eton. Par3 also forms complexes (Par complexes) with 
Par6 and aPKC [13]. By binding to Rac1 and Cdc42 
and regulating their activities, Par3 promotes the 
elongation of actin fibers and stabilizes them, thereby 
maintaining intercellular adhesion [14]. Par complexes 
are localized to TJ in the cell, where they regulate the 
process of intercellular adhesion. Knockdown of Par3 
in cultured cells delocalizes ZO-1 from the cell mem-
brane, reduces intercellular adhesion, and increases 
cell invasiveness [15]. Thus, Par3 likely suppresses 
abnormal motility by contributing to TJ stabilization 
[15]. Reduced Par3 expression is a feature of breast 
and pancreatic cancers [15, 16], suggesting that Par3 
is important for tumorigenesis and malignant pro-
gression. Additionally, Par3 is mutated in the tissues of 
patients with lung SqCC, where it is accompanied by 
defective TJ formation of TJ. However, the relevance 
of Par3 aberrations to the prognosis of patients with 
SqCC remains to be clarified [17]. Par3 can regulate 
the Hippo/Yes-associated protein (YAP) signaling 
pathway in a manner that depends on the strength of 
TJ-mediated cell adhesion and cell density [18]. The 
Hippo/YAP signaling pathway is highly conserved in 
all organisms, and controls density-dependent cell divi-
sion and organ size; the pathway includes the Lats1/2 
proteins, which are tumor suppressors [19, 20]. This 
suggests that deregulated Hippo/YAP signaling due 
to the loss of Par3 function may be a tumor-initiating 
event.

In this study, we analyzed the relationship between 
abnormalities in the localization of Par3 and ZO-1 
and the prognosis of SqCC. Our results highlight the 
importance of both molecules as novel prognostic 
markers in SqCC patients.

MATERIALS AND METHODS

Clinicopathological data
A total of 103 patients with lung SqCC who under-

went resection at Tokai University Hospital (Kanagawa, 
Japan) between 2000 and 2010 were enrolled in this 
study. After informed consent was obtained from the 
patients, tissue samples were prepared from surgically 
excised specimens of lung SqCC and used for analysis. 
The histologic type was classified according to the 
World Health Organization (WHO) classification, and 
the tumor stage was classified according to the sev-
enth edition of the TNM Classification of Malignant 

Tumors published by the Union for International 
Cancer Control (UICC). The median postoperative 
follow-up period was 1,528 (41-3,837) days. This study 
was conducted with the approval of the institutional 
review board for clinical research, Tokai University 
Hospital. (IRB number: 11R-002).

Immunohistochemistry
Paraffin sections (4-μm thick) were immersed in 

0.01 M phosphate-buffered saline (PBS) after removal 
of the paraffin by xylene and ethanol. Endogenous 
peroxidase treatment was performed with 0.3% H2O2/
MeOH solution. Antigen retrieval was carried out 
in 0.1 mM EDTA pH 8.0 solution in an autoclave at 
121°C for 10 min. Anti-Par3 antibody (1:100; Millipore, 
Billerica, MA, USA) and anti-ZO-1 antibody (1:100; 
ThermoFisher Scientific, MA, USA) were each diluted 
in 1% BSA/PBS solution and incubated at 4°C over-
night. After washing with PBS five times, the Simple 
Stain anti-rabbit antibody (Nichirei Biosciences, Japan) 
was reacted for 1 h at room temperature. After wash-
ing with PBS five times, chromogenic reaction was 
performed using 3'3-diaminobenzidine tetrahydro-
chloride (DAB). For double staining of Par3 and ZO-1, 
antigen retrieval and endogenous peroxidase treatment 
were carried out in the same manner as above, and 
incubated with anti-Par3 antibody overnight at 4°C. 
Subsequently, the secondary antibody was incubated as 
described above and (after chromogenic reaction with 
DAB), the residual primary antibody was removed 
using glycine-hydrochloric acid buffer solution. For sec-
ondary staining, the anti-ZO-1 antibody was incubated 
at 4°C in the same manner as single staining, and then 
samples were incubated with the Simple Stain anti-rab-
bit antibody. A chromogenic reaction was performed 
using Fast Blue RR Salt (Sigma-Aldrich, St. Louis, 
MO, USA) and naphthol AS-BI phosphate disodium 
salt (Sigma-Aldrich).

Quantitative real-time RT-PCR
Normal or tumor specimens were excised from 

paraffin tissue sections (4-μm thick) using a scalpel. 
Total RNA was extracted using the RNeasy FFPE 
kit (QIAGEN, Hilden, Germany), followed by cDNA 
synthesis using the High Capacity cDNA Reverse 
Transcription Kit (Applied Biosystems, CA, USA). Real-
time PCR was performed using TaqMan Universal 
PCR Master Mix (Applied Biosystems) and TaqMan 
Gene Expression Assays (Par3: Hs00969077_m1; 
GAPDG: Hs02786624_g1; Applied Biosystems). PCR 
was performed using the Opticon 2 System (BioRad, 
CA, USA) at 95°C for 15 min, 95°C for 15 s, and 60°C 
for 1 min for 40 cycles. All data were analyzed using 
the Opticon Monitor 3 software (BioRad, CA, USA). 
Par3 expression levels were calculated using the CT 
method.

Statistical analysis
A p value of less than 0.05 was considered to indi-

cate a statistically significant difference in univariate 
analyses (Chi-square test and Student’s t-test). Survival 
time was defined as the time from the day of surgery 
to the day of death from any cause. The relationship 
with survival rate was evaluated using Kaplan-Meier 
survival curves. All analyses were performed using 
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IBM SPSS Statistics (version 24; IBM Japan, Japan).

RESULTS

Clinicopathological features of patients
Clinical and histopathological variables are shown 

in Table 1. The group consisted of 97 men and six 
women aged 43 to 85 years (median age: 68 years). 
The maximum tumor diameter ranged from 6 to 95 
mm, with a median diameter of 35 mm. Of the 103 
patients, two had stage 0 disease, 25 had stage IA, 28 
had stage IB, 18 had stage IIA, 10 had stage IIB, 17 
had stage IIIA, one had stage IIIB, and two had stage 
IV (UICC pathological TNM [pTNM] classification, 
version 7).

Correlation between subcellular localization of 
Par3 and ZO-1 and clinicopathological features

Immunohistochemistry revealed differences in the 
localization of Par3 and ZO-1, a TJ marker, at the 
tumor site. The cell membrane of normal squamous 
epithelial tissue was strongly positive for Par3 (Fig. 
1A), but staining was weaker in tumor tissue, where 
it was observed in both the cellular membrane and 
the cytoplasm (Fig. 1B). ZO-1 was uniformly localized 
to the cell membrane in normal tissue (Fig. 1C), but 
this consistency was absent at the tumor site (Fig. 1D). 
Within the group, there was some variation in the sub-
cellular and membrane localization of Par3. In some 
cases, localization to the cell membrane was observed, 
yet partial accumulation and resultant focal formation 
were present (Fig. 2A, Par3 foci + ), while in other 
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Fig. 1	 Immunohistochemical images of normal and tumor sites in human lung tissue (magnification:×100)
	 (A) Par3 staining in normal tissue. The lower right photo is an enlarged view, and the arrowhead shows Par3.
	 (B) Par3 staining in tumor tissue. The lower right photo is an enlarged view, and the arrowhead shows Par3.
	 (C) ZO-1 staining in normal tissue. The lower right photo is an enlarged view, and the arrowhead shows ZO-1.
	 (D) ZO-1 staining in tumor tissue. The lower right photo is an enlarged view, and the arrowhead shows ZO-1.

Table 1	 Clinicopathological characteristics of the SqCC cases
Age(years) 68 (43-85)
Gender Male/Female 97/6
Smoking smoking/non-smoking/unknown 36/18/49

Pre-operative chemotherapy positive/negative/unknown 0/103/0

Pre-operative radiationtherapy positive/negative/unknown 1/102/0

Par3 positive/negative/unknown 91/12/0

ZO-1 positive/negative/unknown 82/21/0
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cases, uniform localization was noted (Fig. 2B, Par3 
foci -). As with Par3, ZO-1 localization was different in 
tumor compared to normal tissue. Specifically, in some 
cases, localization to the cell membrane was observed, 
yet partial accumulation and resultant focal formation 
were also present (Fig. 2C, ZO-1 foci + ), while in other 
cases, uniform localization was noted (Fig. 2D, ZO-1 
foci -). Double staining revealed abnormal localization 
of ZO-1 at the membrane in Par3 foci-positive cases 
(Fig. 2E and F).

Based on the results of immunohistochemical stain-
ing, the samples were divided into two groups: one 
with uniform staining in the cytoplasm or membrane 
(no-foci group); and the other with localization to 
the membrane along with partial accumulation and 
resultant focal formation (foci group). These were then 

subjected to statistical analysis. Univariate analysis by 
chi-square test revealed a significantly larger tumor 
diameter (p = 0.027), significantly higher recurrence 
rate (p = 0.010), and significantly higher mortality 
rate (p = 0.017) in the Par3 foci group than in the no 
Par3 foci group (Table 2). There was no association 
with other clinicopathological parameters (Table 2). In 
addition, Kaplan-Meier analysis showed that survival 
time was significantly shorter in the foci group than 
in the no-foci group (Fig. 3A). As for ZO-1, the rates 
of lymph node metastasis, recurrence, and mortality 
were significantly higher in the foci group than in the 
no-foci group (p = 0.005, 0.038, and 0.027, respec-
tively) (Table 3). Survival time was also significantly 
shorter in the foci group (p = 0.018) (Fig. 3B).

Par3 foci + Par3 foci -

ZO-1 foci + ZO-1 foci -

Par3-ZO-1 foci + Par3-ZO-1 foci -
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Fig. 2	 Abnormal accumulation of Par3 and ZO-1 by immunohistochemistry at the tumor site in human lung tissue 
(magnification:×100)

	 (A)  Case with abnormal accumulation of Par3 (foci group) The lower right photo is an enlarged view, and the 
arrowhead shows Par3 foci. 

	 (B) Case without abnormal accumulation of Par3 (no-foci group) The lower right photo is an enlarged view.
	 (C)  Case with abnormal accumulation of ZO-1 (foci group) The lower right photo is an enlarged view, and the 

arrowhead shows ZO-1 foci. 
	 (D) Case without abnormal accumulation of ZO-1 (no-foci group) The lower right photo is an enlarged view.
	 (E)  Case with abnormal accumulation on double staining of Par3 (brown) and ZO-1 (blue) (foci group) 

Arrowheads indicate Par3 and ZO-1 foci.
	 (F)  Case without abnormal accumulation on double staining of Par3 (brown) and ZO-1 (blue) (no-foci group) 

The lower right photo is an enlarged view.
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Table 2	 Clustering (foci) of Par3 and clinicopathological features

variable n (%) Par3 foci

Age of surgery negative positive X2

 < 68 36(39.6) 23 13
 ≧68 55(60.4) 24 31 0.059
Gender
 Male 85(93.4) 32 53
 Female 6(6.6) 4 2 0.160
Tumor size
 < 30mm 33(36.3) 18 15
 ≧30cm 58(63.7) 18 40 0.027
Lymph node metastasis
 negative 40(44.4) 20 20
 Positive 50(55.6) 15 35 0.053
Venous invasion
 negative 46(51.7) 22 24
 Positive 43(48.3) 13 30 0.090
Histological differentiation
 Well, Moderate 79(86.8) 32 47
 Poor 12(13.2) 4 8 0.636
Stage
 I, II 73(80.2) 33 40
 III, IV 18(19.8) 4 14 0.075
Recurrence
 R0 44(60.3) 24 20
 R1, R2 29(39.7) 7 22 0.010
Survival
 Alive 41(56.2) 23 18
 Dead 32 (43.8) 9 23 0.017

Table 3	 Clustering (foci) of ZO-1 and clinicopathological features

variable n (%) ZO-1 foci

Age of surgery negative positive X2

 < 68 44(53.7) 24 20
 ≧68 38(46.3) 17 21 0.376
Gender
 Male 76(92.7) 37 39
 Female 6(7.3) 4 2 0.396
Tumor size
 < 30mm 31(37.8) 18 13
 ≧30cm 51(62.2) 23 28 0.255
Lymph node metastasis
 negative 38(46.9) 25 13
 Positive 43(53.1) 15 28 0.005
Venous invasion
 negative 44(55.0) 25 19
 Positive 36(45.0) 15 21 0.178
Histological differentiation
 Well, Moderate 71(86.6) 36 35
 Poor 11(13.4) 5 6 0.746
Stage
 I, II 65(79.3) 33 32
 III, IV 17(20.7) 8 9 0.785
Recurrence
 R0 53(64.6) 31 22
 R1, R2 29(35.4) 10 19 0.038
Survival
 Alive 40(48.8) 25 15
 Dead 42(51.2) 16 26 0.027
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Analysis of Par3 and ZO-1 mRNA expression
Quantitative real-time PCR was used to examine 

whether differences in the localization of Par3 and 
ZO-1 correlated with their expression levels. No clear 
difference in Par3 expression was found between the 
foci group and the no-foci group (Fig. 4A). Similarly, 
ZO-1 expression did not differ between the foci and 
no-foci groups (Fig. 4B). Thus, there was no correla-
tion between the formation of foci and the expression 
of Par3 and ZO-1 mRNA.

DISCUSSION

Our results demonstrated that abnormalities in the 
subcellular localization of Par3 were strongly associated 
with postoperative recurrence and mortality in patients 
with SqCC. While the overall 5-year survival rate was 
47.3% (n = 103 patients), it was significantly lower (only 
36.4%) for patients with Par3 foci (p = 0.003)(Table 1). 
The level of Par3 mRNA expression was not associated 
with differences in subcellular localization (Fig. 4A, 

B), suggesting that mRNA quantification has limited 
prognostic utility. Among the total of 103 patients, 34 
had recurrent disease, and samples from 29 of these 
patients were positive for Par3 foci. The recurrence 
rate was significantly higher in these 29 patients than 
in those without foci (p = 0.010). Membrane clustering 
of ZO-1, a TJ marker, was associated with significantly 
higher rates of lymph node metastasis (p = 0.005), 
recurrence (p = 0.038), and mortality (p = 0.027) when 
compared to the no-foci group (Table 2). Double stain-
ing of Par3 and ZO-1 revealed that ZO-1 was partially 
localized to the membrane in Par3 foci-positive cases; 
in these samples, TJ formation was defective (Fig. 2E). 
These results suggest that Par3 and ZO-1 foci are reli-
able markers for estimating prognosis after surgery for 
SqCC. So far, there have been no reports showing the 
relationship between the localization of Par3 and ZO-1 
with the prognosis of SqCC. In what we believe is the 
first such report, we show here that the membrane 
clustering of Par3 and ZO-1 is associated with poor 

Fig. 3	 Kaplan-Meier survival curves for Par3 and ZO-1
	 (A) Comparison of the group with abnormal accumulation of Par3 (foci group) and the no-foci group
	 (B) Comparison of the group with abnormal accumulation of ZO-1 (foci group) and the no-foci group
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Fig. 4	 Real-time RT-PCR analysis of Par3 and ZO-1 expression levels in human lung tumor tissue
	 (A) Comparison of the expression levels of Par3 between the foci group and the no-foci group
	 (B) Comparison of the expression levels of ZO-1 between the foci group and the no-foci group
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prognosis in SqCC.
Disruption of polarity in epithelial cells can lead 

to neoplasia in many organs [9]. Consistent with a 
report of an association between abnormalities in cell 
polarity factors and carcinogenesis in the lung [21], 
we previously reported that the expression of Hugl1, a 
cell polarity molecule, was inversely correlated with the 
survival rate of patients with lung SqCC [12]. In the 
present study, we clarified the relationship between the 
cell membrane localization of Par3 and the survival 
rate of lung SqCC patients. Par3 is a tumor suppressor, 
and it has been reported that genetic loss of function 
are associated with transformation of normal cells 
and/or an increase in tumor malignancy [17]. Par3 
can also suppress cell motility and abnormal prolifer-
ation, and plays a role in maintaining normal tissue. 
Examples include the development of keratoacanthoma 
in Par3 knockout mice [22] and enhancement of the 
growth and metastatic potential of breast and pan-
creatic cancers as a result of Par3 deficiency [16, 17]. 
A study using lung SqCC tissues found expression of 
multiple Par3 splice variants that induced in-frame 
deletions or missense amino acid Par3 variants. Unlike 
wild type Par3, these variants (PDZ domain deletion, 
aPKC binding domain mutation, and FRMD4a [scaf-
fold protein] binding domain mutation) were unable 
to inhibit cell proliferation [18]. Our study showed no 
association between the expression level of Par3 and 
clinicopathological features. This suggests that the 
expression of the splicing variants of Par3 or mutant 
Par3 in lung SqCC may have engendered cell polarity 
abnormalities, leading to increased malignancy and 
poor prognosis. Furthermore, expression of the splic-
ing variant of Par3 is associated with abnormalities in 
cell polarity and proliferation [23]. The Hippo/YAP 
signaling pathway regulates tissue size by inducing 
cell division and apoptosis in a cell density-dependent 
manner [20]. It has been reported that Par3 lacking 
the third PDZ domain cannot bind to YAP. This leads 
to YAP hyperphosphorylation, which in turn enhances 
intranuclear translocation and YAP-driven transcrip-
tion of cell growth-related factors [19]. Par3 promotes 
the localization of intercellular adhesion proteins such 
as E-cadherin and polar proteins to the apical region 
during early embryogenesis in C. elegans. However, 
approximately 20% of C. elegans larvae that express a 
splice variant of Par3 lacking the first PDZ domain 
(tm2716) die at the L1 stage, and the expression of 
Par3 lacking the PDZ domain may trigger loss of nor-
mal cell polarity [24].

The analysis of Par3 and ZO-1 mRNA expression 
revealed no difference in their expression levels 
between the foci group and the no-foci group. Both 
molecules play important roles in cell-cell adhesion. 
However, in the foci group, Par-3 and ZO-1 were ab-
errantly localized, suggesting dysfunction of both mol-
ecules. Stabilization of intercellular adhesion inhibits 
cell motility and proliferation, whereas cancerous cells 
exhibit abnormal intercellular adhesion. Membrane 
localization of intercellular adhesion factors such as 
ZO-1 is lost in MDCK-II cells following Par3 knock-
down, demonstrating that Par3 is necessary for TJ 
maturation [13]. Expression of a non-functional mu-
tant form of Par3 in lung SqCC presumably prevents 
TJ maturation, leading to enhanced metastatic poten-

tial. Defective intercellular adhesion also causes epithe-
lial-mesenchymal transition [25] and is associated with 
carcinogenesis. In this study, aggregates of ZO-1 were 
localized to the membrane in the same way as Par3, 
and this was associated with mortality. Dysfunction of 
Par3 leads to defective TJ formation and abnormal cell 
polarity, thus promoting the malignant transformation 
of lung SqCC. We previously reported that excessive 
activation of aPKC induced by oxidative stress resulted 
in Par3 phosphorylation and defective TJ formation 
[26]. Furthermore, Par3 knockdown increases the mo-
tility and outgrowth potential of lung AC cells [27]. In 
this study, we could not fully examine the expression 
of Par3 mutations and splicing variants due to a lack 
of patient material. Further research is warranted 
to clarify the relationship between the presence or 
absence of Par3 and its expression of splicing variants 
and the clinicopathological features of patients with 
lung SqCC.

Tyrosine kinase inhibitors for EGFR, ROS1, ALK, 
PDL-1, BRAF have been developed as molecular-tar-
geted therapeutic agents for AC. In contrast, there are 
no clear driver-linked mutations in SqCC , and there-
fore there is a lack of molecular-targeted therapeutic 
agents to treat this malignancy [28]. In our current 
study, we found that the abnormal localization (clus-
tering) of Par3 and ZO-1 is related to the prognosis in 
SqCC. Par3 and ZO-1 foci may be useful prognostic 
markers for lung SqCC. We speculate that the abnor-
mal localization of both molecules in SqCC leads to 
their dysfunction, which in turn affects cell motility 
and proliferation. Therefore, we suggest that the de-
velopment of drugs that complement or enhance the 
functions of Par3 and/or ZO-1 will be advantageous 
for treatment of SqCC. 
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